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Recently a mucosal pentraxin, Mptx, regulated by heme and calcium was reported in rat gut mucosal scrapings using microarray strategies.
Considering the heterogeneity of gut mucosa scrapings and the widespread use of the rat as amodel to study colon pathologies this studywas undertaken
to generate detailed mapping of micro-anatomical locations of Mptx and gain further insight into potential functions of this mucosal pentraxin in rat
colon. Differential regulation was also examined in colon from different rat strains and rat models of oxidative stress and in pre-cancerous colon tissue.
Different regional patterns of expression and discrete localisation in epithelial cells within transverse and distal colon crypts and an absence of expression
in proximal colon were confirmed by regional PCR analysis and in situ hybridisation studies of colon. This study demonstrates that consideration of
regional differences inMptx gene expression and micro-anatomical location is necessary in the interpretation and deciphering of its regulation in colon.
© 2006 Elsevier B.V. All rights reserved.Keywords: Colon crypt; Gene regulation; Epithelium; Oxidative stress; Pre-cancerous1. Introduction
Mucosal pentraxin, Mptx (Acc. No. AY426671), shows
homology to the family of pentraxin genes. In contrast to the
predominance of transcription of other pentraxins in liver,Mptx
is expressed exclusively in the colon [1]. Pentraxins are
prototypical acute phase proteins with a conserved pentraxin
domain situated at the carboxy terminal and an acquired novel
amino terminal [2]. The presence of a signal peptide indicates
that the translated proteins enter the secretory pathway and
pentraxins are found in plasma. Precise description of the
functional role of many pentraxins awaits further investigation.
Typical family members include C-reactive protein (CRP) and
serum amyloid P with immune- and inflammation-associated
functions [3 4]. CRP is an important factor in innate immunity,
interacting with immune cells and protecting against lipopoly-
saccharide and cytokine induced inflammatory responses [5].
The mucosal pentraxin, Mptx, and its mouse homologue (Acc.
No. AAH24348, amino acid sequence 83% identity) are the first⁎ Corresponding author. Tel.: +44 1224 712751; fax: +44 1224 716629.
E-mail address: jed@rowett.ac.uk (J.E. Drew).
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doi:10.1016/j.bbadis.2006.07.011to be associated with a colonic location. The human homologue
is reported as a possible pseudogene with a stop codon inserted
after amino acid 22 (Acc. No. XM_060355.3, 60% amino acid
sequence identity). Earlier studies proposed a role for Mptx in
cell turnover in the colon since a significant down-regulation
was observed in response to heme that is cytolytic in colon [1,6].
Considering the heterogeneity of gut mucosa scrapings and
the widespread use of rat models to study colon pathology this
study was undertaken to generate detailed mapping of micro-
anatomical locations of Mptx and gain further insight into
potential functions of this mucosal pentraxin in rat colon. Mptx
regulation in colon in a pro-oxidant and pre-cancerous environ-
ment was also assessed. This study identifies complex regional
regulation of mucosal pentraxin in colon. The proposed role in
cell turnover and dietary regulation of this intriguing mucosal
pentraxin is addressed with regard to its regional regulation.
2. Materials and methods
2.1. Animals and diets
Colons were procured from three different rats strains, Rowett Hooded
Lister, outbred Sprague–Dawleys and Zuckers to assess regional expression
Fig. 1. Mptx regional expression pattern in colon from different rat strains, pre-
cancerous colon and in colon from a pro-oxidant environment. RT-PCR was
performed on RNA extracted from each colon region, proximal (P), transverse
(T) and distal (D) using Mptx specific primers. GAPDH primers were used to
assess quality of the first strand cDNA used as a template for PCR. The entire
reaction from proximal and transverse PCR with Mptx primers was applied for
gel analysis to ensure visualisation of product if present. Conversely, an aliquot
of the distal PCR reaction (20%) was used for gel analysis since the amplified
Mptx product was generally present in greater amounts in distal PCRs. [A]
RT-PCR on total RNA extracted from Sprague–Dawley, Zucker and Rowett
Hooded Lister rats. [B] RT-PCR on total RNA extracted from control (CON) and
pre-cancerous colon after treatment with dimethylhydazine (DMH). [C] RT-
PCR on total RNA extracted from vitamin E sufficient (+E), vitamin E depleted
and supplemented with salicylic acid (−E+SA) and vitamin E depleted (−E).
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two studies described previously [7,8] to analyse Mptx gene expression in the
pre-cancerous [7] and pro-oxidant environment [8]. Briefly, colons to assess
Mptx regulation in the pre-cancerous colon were obtained from the Rowett
Hooded Lister strain given a standard rat diet, ad libitum [7]. The rats were given
a single i.p. injection containing DMH (125 mg/kg body weight ∼0.5 ml
injection dissolved in sterile physiological saline). Control rats were injected
with a similar volume of sterile physiological saline. The rats were sacrificed
10 weeks after the injection.
Colons to assess Mptx regulation in response to oxidative stress were ob-
tained from the Rowett Hooded Lister strain offered a semisynthetic diet for
12 weeks (ad libitum) [8]. This was either sufficient in vitamin E, 1 g vitamin E/
kg diet (as dα-tocopherol acetate, Sigma) (+E diet), deficient in vitamin E, less
than 0.5 mg vitamin E/kg (−E diet), or deficient in vitamin E with less than
0.5 mg vitamin E, but supplemented with 1 g salicylic acid/kg (−E+SA diet).
Rats were anaesthetised with isofluorane and colons were excised from the
caecum at the ileo-caecal valve and rinsed with ice cold PBS to remove contents.
Colon length measurements were recorded and proximal (ascending), transverse
and distal (descending) segments were snap frozen separately.
2.2. RNA extraction
RNA was extracted from 0.5 to 1 cm colon segments dissected at the mid-
point of each region of proximal, transverse and distal colon respectively, using
an RNeasy Midi Kit (Qiagen, Crawley, UK) and incorporating a DNase
digestion. All of the extracted RNA samples were subjected to analysis using the
Agilent Bioanalyser (Agilent Technologies, Bracknell, UK).
2.3. RT-PCR
First strand cDNA was synthesised from total RNA (0.5 μg) using
Superscript II reverse transcriptase (Invitrogen Life Technologies, Paisley,
Scotland) and random hexamers (Promega, UK) according to the manufacturer's
instructions. PCRwas performed using ratMptx specific primer pairs designed to
amplify across an intron (forward, 5′-tcggcaccctgcttctcactgttc-3′ and reverse,
5′-ctcattgtcctgagtttttgtgttgtag-3′) (Sigma Genosys) at 95 °C for 40 s, 55 °C for
30 s, 72 °C for 45 s, followed by a final extension of 5min at 72 °C. Hot start PCR
was performed using 50 pmol primers, 1U Taq (Bioline, UK), 250 μM dNTPs
and 1.5 mM MgCl2. PCR amplicons (221 bp) were visualised on ethidium
bromide stained agarose gels and were sequenced using a Beckman CEQ8000
Genetic Analyser to confirm identity. PCR was performed using GAPDH
primers (5′-accacagtccatgccatcac-3′ and 5′-tccaccaccctgttgctgta-3′) generating
an amplicon of 451 bp as an internal reference (95 °C for 1 min, 59 °C for 40 s,
72 °C for 1.5 min).
2.4. In situ hybridisation
Cryostat sections (10 μm) cut from tissue segments dissected adjacent to that
used for RNA extraction from each of the proximal, transverse and distal colon
regions (n=6) were thaw-mounted onto poly-lysine coated slides and stored at
minus 70 °C until use. In situ hybridisation of the three regions was performed
essentially as described previously [9]. The riboprobe templates consisted of rat
Mptx generated by PCR using a forward primer 5′-ggtaccatgcaatcagacatggatg-3′
and a reverse primer: 5′-gcggccgcttaagtccaca-3′. Plasmids for riboprobe
synthesis were prepared from single colony inoculants of E. coli transformed
with the supplied plasmids using a Wizard 373A DNA purification kit
(Promega, UK) according to the manufacturer's instructions and sequences were
verified using a Beckman CEQ8000 Genetic Analyser. Antisense and sense
probes were synthesised from the prepared templates by in vitro transcription
using RNA T7 polymerase in the presence of 35S-alpha-thio-UTP (NEN;
1000 Ci/mmol). Tissue sections were hybridised with radiolabelled riboprobes
at 58 °C and washed to 0.1× SSC at 60 °C. Hybridised sections were assessed
initially using a Fuji phosphorimager and AIDA Image Analyser software
(Raytest Isotopenmeβgerate GmBH, Germany) prior to coating with LM-1
liquid emulsion (Amersham Pharmacia Biotech Ltd., UK) and staining with
toluidine blue to facilitate anatomical location by light microscope autoradio-
graphy. The sense riboprobe hybridised sections were examined to assessbackground and non-specific hybridisation and confirm specific silver grain
localisation.
2.5. Real-time PCR
Real-time PCR analysis was performed, according to the manufacturer's
instructions, using Superarray Bioscience Corporation SYBR green master mix
(Tebu-Bio, UK) and specific primer pairs for Mptx as reported in van der Meer-
van Kraaij et al., (2003). GAPDH primers were obtained from Superarray
Bioscience Corporation (Tebu-Bio, UK) for use as the reference gene for relative
quantitation. The threshold cycle number (Ct) was measured using the iCycler
(Bio-rad, UK) and its associated software (Bio-Rad, UK) using standard curves
forGAPDH andMptx generated from template prepared from the corresponding
region of the colon being examined. Relative transcript levels were calculated
for each reaction by determining ratios of equivalent amounts calculated from
the standard curves for target (Mptx) and reference gene (GAPDH). Technical
replicates were performed in at least duplicate on at least five biological
replicates. Pairwise comparisons were conducted using Students t-test and
ANOVA (post-hoc test LSD) was applied for three-way comparisons. A p value
of less than 0.05 was considered significant.
3. Results
3.1. Regional localisation of Mptx in colon
RT-PCR confirmed amplification of Mptx transcripts in
transverse and distal colon (Fig. 1). However, no transcripts
were amplified from proximal colon in any of the rat strains
tested or in response to oxidative stress or pre-cancerous pathology
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from each of the colon regions, proximal, transverse and distal
confirmed the absence of proximal transcripts and revealed
markedly different expression patterns of Mptx in transverse
and distal colon (Fig. 2). The absence of hybridised transcripts
in proximal colon (Fig. 2A) was confirmed after prolonged
exposure of the hybridised sections (24-day exposure). Mptx
gene expression was localised to discrete single epithelial cells
located within the lower to mid region of some transverse crypts
(Fig. 2B, D, 24-day exposure). The sections show different
orientations of the crypts for visualisation of the site of
expression. The sections cut across the crypt reveal that there
may be more than one cell expressingMptx per transverse crypt.Fig. 2.Mptx expression in rat colon. Liquid emulsion autoradiographs of in situ hybr
signal over proximal colon [A] (24 day exposure), discrete localisation over indiv
exposure) and intense localisation in distal crypt epithelial cells [F] (8-day exposur
sections. Bar=50 μm.Several epithelial cells were observed to express Mptx within
the lower to mid regions of all distal crypts (Fig. 2F). The short
exposure time (8 days) required to detect hybridised cells
indicate significantly higher level of expression in the distal
epithelial cells. Adjacent sections probed with the appro-
priate sense riboprobes showed no specific hybridising signal
(Fig. 2C, E, G).
3.2. Relative expression of Mptx in pre-cancerous colon and in
response to oxidative stress
Regional expression levels of Mptx were assessed in total
RNA from proximal, transverse and distal colon of rats procuredidisation performed with rat [35S] antisenseMptx riboprobes showing absence of
idual epithelial cells (arrows) within some transverse crypts [B], [D] (24-day
e). [C], [E] and [G] show hybridisation of sense riboprobes to adjacent tissue
Fig. 3. Expression of Mptx relative to GAPDH in pre-cancerous transverse and
distal colon. Control rats were saline injected (control) or injected with dimethyl-
hydrazine (DMH). Mean relative expression ratios of Mptx gene expression
(n=5).
Fig. 4. Expression ofMptx relative to GAPDH in response to oxidative stress in
transverse and distal colon. Varying levels of oxidative stress were induced by
feeding rats on diets either vitamin E sufficient (+Vit E), vitamin E depleted and
supplemented with salicylic acid (−Vit+SA) or vitamin E depleted (−Vit E).
Mean relative expression ratios of Mptx gene expression (n=5).
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Mptx regulation in pre-cancerous colon was assessed in rats
either saline injected or injected with dimehtylhydrazine to
induce pre-cancerous lesions [7].Mptx regulation in response to
oxidative stress was assessed in rats either dietary depleted of
vitamin E to induce oxidative stress, sufficient in vitamin E or
deficient in vitamin E and supplemented with salicylic acid [8].
Salicylic acid was observed in the previously described study to
alleviate oxidative stress by reducing lipid peroxidation and
prostaglandin production with an associated elevation of
cytosolic glutathione peroxidase activity [8].
Mptx transcripts, not detectable in proximal regions, were
assessed using conventional PCR for convenience and cost.
PCR analysis confirmed the absence of Mptx transcripts in all
rats irrespective of oxidative stress levels (Fig. 1B) or patho-
logical status (Fig. 1C).Mptxwas not significantly differentially
regulated in pre-cancerous transverse or distal colon (Fig. 3).
Mptx was not significantly differentially regulated in response
to oxidative stress in distal colon (Fig. 4). A significant down-
regulation of Mptx was observed in transverse colon of rats
either depleted in vitamin E (p=0.018) or vitamin E depleted
and supplemented with salicylic acid (p=0.007) when com-
pared to vitamin E sufficient rats (Fig. 4).
4. Discussion
The observed pattern of Mptx gene expression provides evi-
dence of differential regional regulation of epithelial cells within
colon crypts. The absence ofMptx expression in proximal colon
and the differing patterns of transverse and distal expression
imply that the proposed functions of Mptx are in fact not
regulated in the same way in different colon regions or are
functionally redundant in the proximal region. It may be that the
potential functional redundancy of Mptx in rat proximal colon is
linked to the apparent redundancy of this gene in human colon
biology. Visualisation of sparse localisation to individual cells
within some of the transverse crypts implies that some crypts
may have no Mptx expressing cells. Alternatively, examination
of the serial sections cut from different animals reveal that it islikely that each crypt may have one or more Mptx expressing
epithelial cells that are only revealed in one or two sections cut
from each crypt. It is clear that the distal crypts have a greater
density ofMptx expressing epithelial cells within the crypts. The
short exposure required for visualisation of the transcripts in
distal colon by in situ hybridisation also implies higher levels of
Mptx gene transcription compared to that seen in cells in the
transverse crypts.
Regional analysis and micro-anatomical localisation should
be considered a useful verification of gene expression profiling
studies using gut mucosa scrapings. This was highlighted by
studies assessing Mptx transcription in pre-cancerous colon and
in response to oxidative stress. Inter-individual variation bet-
ween biological replicates was higher in transverse compared to
distal extracted RNA, as might be expected considering the
sporadic nature of expression of Mptx in transverse colon. This
may be a contributing factor in the observed significant down-
regulation ofMptx in transverse colon of rats depleted in vitamin
E and those depleted in vitamin E and supplemented with sali-
cylic acid when compared to vitamin E sufficient rats (Fig. 4). It
appears that significant down-regulation ofMptx in both of these
groups with respect to vitamin E supplemented is not linked to
colon oxidative stress levels, altered prostaglandin production or
cytosolic glutathione peroxidase activity which all differ
significantly between these two groups [8]. Therefore, the com-
mon contributing factor remaining in these two groups is dietary
depletion of vitamin E. Interestingly, vitamin E has been
implicated in heme synthesis [10] and in contributing to anaemia
[11]. However, the apparent down-regulation in transverse colon
in response to a dietary depletion of vitamin E is counter intuitive
to the proposed down-regulation by dietary heme in the studies
published previously [1,6]. Alternatively, the results may simply
reflect the complexities involved in obtaining accurate quantita-
tion of discrete and sporadic localised transcripts in transverse
colon. This is supported by the lack of a significant down-
regulation of Mptx in distal colon from the same groups of rats.
However, the complex regional regulation of this mucosal
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especially considering potential interaction with regional
variation in lumenal contents with regard to microflora, nutrient
metabolites and composition of faecal matter.
The position ofMptx expressing cells may be a further clue as
to function since they are situated in the mid to lower crypt in the
proliferative and early differentiation zone. NoMptx expressing
cells were observed at the lumenal surface. The fact that
pentraxins such as CRP are now implicated in important immune
functions and clearance of pathogenic targets and auto-antigens
from dead host cells [5,12,13] may be important with regard to
identification of potential ligands for mucosal pentraxin.
Further studies to elucidate the role of rat Mptx in dietary
modulation of colon epithelial cell regulation will necessitate
analysis of regional specific effects. Likewise confirmation of
Mptx as a molecular marker of diet-induced stress in colonic
mucosa requires further clarification. These may be important
issues to determine a functional role in epithelial cell renewal in
rat colon that is no longer conserved in human colon. This may
be an important consideration in the application of rodent
models to study human colon pathogenesis.
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